
����� ��	
� � 
���	�� ��
� � ���� /�	�������/��	 !� � "#$%�&)(/ (�	#� *+,, 

��� 

-�	.- � /0�01 
	�230��� �04� � � 536�7����� 8	%9 :;3	<��:=>� 8�? 
>

�>0#- :<@
� �� 


�=	A B�2� 2 C� ��� 2��*�=	.3�D 
0��> E #� F�� G7	H >��! �I

)���	
� �	
�
 :�/�/���� ���	�� �	
�
 :��/��/����(

�2�J$ 

:� 0��� �04� � � K36�7����� 8	%9 :�7	@� ��L
� �-	M<�<C- :���� �� ��3	��N �-�	.- 
	�230��� 	� 	#=N :;3	<� � 8�? /0�01 
	�23

 ��>�� �	� �� B�2� O��0- �	P�=>� 
���	�� �2J�=>�QRSQT:� � �>0J- :� 	� U��� 8��9 2M! �	M.=> ���	VM- "�	� 
	� .�> XM1 

Y3	��N �	.=> 
	� E3D�0M�
3> �3	�	
! � 
�	Z�	� :� [��0� � /0M�01 
	M� EM3D � �M->��> E30M&#� F���M� �� ��M\�� �-�	M.- 
	M� 

E3D�0�
3> 	�230��� � 2=23�0Z (	]&=> 	�)B>0� "P
�� 	�(�� � ��	]&=> �->�>�>� 
	��0�
3> �^_- �> �M->��>� 
	M��0�
3> �M^_- �> E�
$ 

:� �=>03> �-�	.- 
	��0�
3> 	� 2
&�0Z �>0^ ���0� � :;3	<� ���� � 2=2�N O�� .E�� /0� �>2�- �_� E�3	1 � D	� 
	�F�0J� � FKM36�7���

 /0M� `@M� F�_� a	%-�> F�0P=	�� ��� F�_� � "�	- E�� :�9	� � �	�Z a	%-�> F�_� ��� �_M� E�3	M1 � D	M� 
	M� ��"P
�M� B>0M� 	M� 

�
�� 8�	%- `@� �� 
�>�I%O!>� ��\� .230��� �%�7a4×b7 � E30-D	� 
	�230��� �-�	.- 1E�3	 0-3/0� �>2�- E>� �_M� 
D	M� 
	M� 

2=��� >�>� .
	�230��� 0&���>�>�
�6/0�01)Lfy1(/0� �>2�- D	� 
	��_� E�3	1 �2
&M!>� �-�	M.- 
	�2M30��� :M� O�;M= 
0&�M�� .

"P
�� �> 
�>2�- B>0� -D	M� �0MJ� � ��= 
�>2�- � 2
&!>� �-�	.- 
	�230��� :�	�� 
�0J� � /0�01 
	� 2M=�� = 2M�7�- 
0 .Y3>�M�> 

MZ0�01 �6 :� >03� O�> :�\�- "�	^ �=	�N :� /0�01 8�? �� �0J� � "�;=	&1 :Ld_� "�	^�:M� 8�? �� >� /0M� `@M� 2M�7�- �M&d>� 

0<-3>��> 0�>0� �� :� e	�3�� Y2�� .:�/0� �>2�- Y3>��> O�� B>0� "P
�� �� 	� � �	�Z a	%-�> E&�	�= Y3>��> � /0�01 
	� 0� Y3>��> 
>�> :

�0P=	�� :�9	� /0� O�	3 Y�	� �-�	.- 
	�230��� :� O�;= 230��� E3> �� 	� ./0M�01 B>0M� "P
�� a4×b2 �-�	M.- 2M30��� �SC108 

:� E30&��� f�-0-)t/ha gg/Ih(E30& � �)t/ha ij/k(2=�� = 2�7�- >� :=>� �0J� � .:��M� �M�� ��M� "P
�M� :M� OM�0Z :M.�&= �>�M-

B>0� �%�7 
	�a4×b7 �a4×b20&#� K�H ��	� 2�7�- 0L= �> �� 0� B>0� "P
�� 03	� �> /0�01 B>0� "P
�� � ���� 	�a4×b2 � 3��	� 

O!>� >� :=>� �0J� �.

�6>� 
	� 
2��� :536�7����� 8	%9 F�-�	.- 230��� F/0�01 230��� F8�? 

:�2<� 

	 
� � ���
� �� ! "	 
� #$%&' ( )$
 *
(+ ,�-. /+
 "

�' 012 34 35�$6 / 78
 (9�$
 .
� ��;<=� > 79�?� 012 @ )��

 /A��-
 �-&
 �� ! 
� 39�� ��;<=� �BC	 �4� �� ! �-< . D�-E

 3-5 (-6
 �(-BBA ��(&' >'�$� F�(5 � �E� ! @ 	�� 3-A D
$-G

 35 ��;<=� > 79�?� 3-5 >-=&
 H�� 01-2 �(-5�	 ���-5 >'�A 
$G 

�.9�� � 
� I9�� J 
�
 35 F�	$KI���
� D�?A�LD�
��IA �(;I9�� LM
(' � 5�
 ��NI9�� F��O
 L.

*:�; 9��?;)� �7� L*�P
�;' #$Q7' :modaresa@modares.ac.ir 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
88

.1
3.

47
.1

4.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

14
 ]

 

                             1 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1388.13.47.14.7
https://jcpp.iut.ac.ir/article-1-1077-fa.html



� � 
���	�� ��
� � ���� ����� ��	 /�	�������/��	 ! �&%� � "#$)((/�	#� *+,, 

��R 

M�?4� ���-O9 3-5 �-4�� H$-4 01-2 � �(-9�� S � �(9� D�E �-E 

�--4� D�	�--��$A �-- <5�+ �.�	�--E
$?A�� �$--PO5 T--��5 3--A 

�(-6 *
U (-	(2 D�E(-	�P E 
� V5�B' JW�%
 
� �	�
�A (-9�

*
�P� �3-XE� ! *
(+ �	$8
 �� (9 (-6
 �$-PO5 T-��5 3-A D�

 �Y�$-E H�(-9� 35 3I	
 �P79 Z	�1�� LVICI
 [�2 
� ��$9�A

 
� "I-. ���-' V-=K
 ���-4 T��5 3A (6
 3 )�� >W��' 
�

 �' (6
 3 )�� >W��' �G � � .\
 L�$6 F(-9�' 1P-4 �	 ]�5 D� 

 [�-2 L3-9�� F(-6 �� �G 
� F1^' 35 VPB' �P79 Z	�1�� LF_

 3-	��� Z	�1-�� � ]�-5 1?B-4$?� Z	�1-�� L[_ � F`��? 9 �?I 5

 "	 V	�$
 T��5 3A a�� �5 ]�5 
� D( -6
$. VI-CI
 �.�$9

 �-' ��$9�A �$-6 .@-	� 3-K ?9 
� ��-;<=� �	�-9�$
 Z	�1-�� 3-A

 35 F
(' D�E(	�P E �-A �G�-. � V5�-B' JW�%-
 
� �?I- 5 �	�


�' �O9_ �� ���b?4� (6�5)cd�ce.(

35 ( 6
$. 
$9 D`�9� �� (E�$^5 �� ! "	 �!� D('�
�A 
$G

 ���5 f4$
 VICI
 �gA�(W �?7	�5 (	�=9 ���b?4� ��- ! 1P4 D�E

 ���! [�2 .�(-BBA @ - C
 L]�-5 hi-4 Z	�1�� ���4 jk$l�

 ! 
� 1?B4$?� � ��m Z	�1�� ���4 �-4� ��  .
� ]�-5 hi-4

 �
 "- B5�A ��-! [�-2 � 
$-9 �-��	
� >-=� L1?B4$?� F�	�2

35 �
�� �(O� .]�5 3A �9�'� �
 3-5 ��- ! "	 D�E 
� D(-2 
$-G

 ]�5 �	�4 3	�4 ���-' (- )$
 � 1?B-4$?� L(B-6�5 3-?��N9 
��-+ �E

 ]�-5 hi4 ���(9� �5 J4�B?' L"I. �-4� ��- ! D�-E ."-	 
�

 *
U 3�
1'L]�5 hi4 n.�6 >-'�� 3-4 >+�(W � o\
 �&
 

� p?'�4� *
�P� 3A ��� (9 :Lhi-4 (-W�� 
� ]�5 hi4 F�1 '

	���3�E� ! /A��
 � ]�5 .hi-4 n.�6 Z	�1�� D��5 @	��5�B5

 ��� �-  p
 �
 >-'�� 3-4 @	� �� �;	 >+�(W �?7	�5 ]�5 .F�1- '

 �' �
 hi4 (W�� 
� ]�5 hi4 ��� Z	�1�� *
$l �� 35 F�$
 :

< 4$5 �	3����(9� � ��(C
 Z	�1�3-5 �5 �� ! �E 
� ]�5 D� !
�-A

��
 (-W�� 
� ��- ! ��(-C
 Z	�1-�� �5 �	 � *�
�P9 qrl� D�E

 hi4)c�st(.

#�8?9� �5 F` �!�5�� )Lfy1 ( �� ���b?4� a	�G �� *
U �� ! 35

@	k��PB	� ]
�� 3'�9�5 
� �!�5�� F` D��W D�E LD� !�'F�$


 ]�5 �W�7' f8� �E	�3-9�� F��-A �-� 
� �
 � o\-
 �gA�(W 3A

]�5 �BC	 L(9
�� Dk�5 D�E#r5�
3<-l�W D�E(-	�P E 
� 3-5 L

� Z	�1�� �5��5 ����@	� F�(5 ]�-5 
� �I	�1�� 3A�-� D�-E	�B 

 �� ! *
$l #r5.u 
 [�^?9� a	�G �� �
 *
U ��;<=� �-E	�

�' ]�-5 hi-4 n.�-6 >-A D�
�� �OB
 39 3A ��� Z	�1�� F�$


 ]
15 ]�5 ���(9� 3;<5 (B?7E D�?I 5 Dk�-5 Z-^5 
� 1 9 D�


 (9
�� �$. ��$9�A .L��- ! 
��-+ �v9 (' (	�5 1 9 ]�5 3	��� 3?P)�

35 > )� @	� �� �
k�5 ]�5 hi4 n.�6 
� 3Aw]�5 3	��� LD�E

 D��-5 *
U ��-;<=� Z	�1-�� 
� �-=O' �< . Z89 #r5 Dk�5

�' (BBA)e(.]�5 hi4 V	�$
L1 ' D( 6
$. VICI
 [�2 F�

 �' n^I' 1?B4$?� D��5 �
 (	�=9 .#r5 � C+$' �N	� x�G ��

 
$9 >5�8' 
� 3A �4� �!�5 hi4 F�1 ' �(BBA n^I' 3
$5 
�

 �' 
��+ ( 6
$. �-� Z^5 
� #r5 3y �E � (9� !	@ 3+�-4 �-


 �
�A � 3?��	 Z	�1�� #r5 Dk�5 
� ]�5 hi4 L(6�5	[$;-6� �

�2 
� 1 9 �E� !�' Z	�1�� 
$9 [(5�	)cw(.]�5 �-� D�-E	�B 

 ]�5 35 �P79 *
U �� ! k�5 D�E	��$-' �� D�?I- 5 Z-^5 F_ �

3I	
 35 �
 F�6�$. D1?B4$?� �' �E (B?4��)t�sz.({;��-5 

]�5 k�5 D�E	�L�� D�?I 5 Z^5 ��
���� D1?B-4$?� D�E �$-. 

Z^5 35 �
 �' 
��l �� ! �
k�5 D�E (B	�=9)w(.

F`�!�5�� J-)�S � 
�(-	�� �9` L#�-4 
� 3-A ��$-5st|s

(6 }IA ( E�	�' *�5�
 f4$
 .*
U F` @-	� D�
�� 3-A �	�E

�' L(B6�5 u 
$9` �5 37	�8' 
� L*
U �-N	� D�E *�b-l D�
�� 

Dk�5 �
��	� ]�5 ��(C
 > P+ �� �5$<i'#r5 "-	�19 LF�$-5 �-


#r5 +�4 
� �?I 5 @ BN ) D�
�� L@ '� 35Z^5 � 3L�-N	� D�-E 

�' k�5 ��;<=� > 79�?� � �4
��� (B-6�5 )cw.(>-5�+ > 7-9�?�

 *
U 
� ��;<=� Z	�1�� D��5 32$
 D�E]�5��35>-5�+ �-?W�


 35 �4� 3 2$
 @	� > )� 3AF` ��5
�A �5 �-!�5�� �-' f-8� F�$-


 ]�5 �W�7' L(-9
�� 3-9�� F��-A �� 
� �
 � o\
 �gA�(W 3A �	�E

 ]�5 �BC	 �EDk�-5 D#r-5 � Z	�1-�� �-5��5 �� 3-5 L�
 ��F�(-5 

@	� ]�5 
� �I	�1�� 3A�� D�E	�B �� ! *
$l #r5 )cw(.

]�5 /O4 *
U 
� k�5 D�E	3-5 �P7-9 3-9�� F��-A �� 
� �

]�5 �� D�E	@ �' 32$
 >5�+ 
� 75 �
 (6�5)s(.F�
�;=E � �? �

)cc((9��~ �
�1! ]�5 1?B4$?� F�1 ' 3AD�Ek�5	J
��' 35 �

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
88

.1
3.

47
.1

4.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

14
 ]

 

                             2 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1388.13.47.14.7
https://jcpp.iut.ac.ir/article-1-1077-fa.html


:=>� 8�? m-�	.- � /0�01 
	�230��� �04� � � 536�7����� 8	%9 :;3	<� �>0#- :<@
� �� 
> 

��� 

]�5 �� �?I 5 �� D�E	Z-^5 3-A (-9��A F�I9 �G�. � �4� �B 

 35 xr?.� @	� �� �=v�� 
� *��-b
 �-<� 
$-9 F�1- ' 3-	��� �

]�5�4� .Z	�1-�� 39$! �E @	��5�B5 ]�-5 ���(-9� � ��(-C
 
� 

k�5 Z^5	�-' *
U 3-9�� ��;<=� Z	�1�� 35 �KB' �� ! ��$-6 .

F�
�;=E � D$y)|(�_ �G@	k��-PB	� 3-4 D�
 �-5 3A �I	�'

 ��-� � #$G L3	��� 3A (9( 4
 3K ?9 @	� 35 (9��� H�K9� *
U

 �-� 
� �
 � o\-
 @	�?I- 5 #r-5 ]�-5 � #r5 Dk�5 ]�5 @ '$4

 (9
�� 39�� F��A ./-E �-O9_ �- <5�+ 3-A (-9�$=9 �
�1-! @ -By

�
�$
 ��$-5 ]�-5 ��-� �� �?I- 5 ]�-5 #$G � 3	��� D�	��

�4�.(B=I9�� F�@-	k "	 � *
U �)$=C' @	k "	 37	�8' �5 

]�5�� 3<l�� L]�5 >A ��(C
 3A (9( 4
 3K ?9 @	� 35#r5 @ 5

 
 �
-C
 � >4�--5 ]�5 ��(-@-	k 
� #r-5 Dk� ]�-5�� I- 5 -�?

�4�)cz(.


�?.�-4 � ]�-5 hi4 n.�6 �� �C5�
 *
U 39�� ��;<=�

 ��$9�A �-4�)ct(.
$-9 D`�-9� >	(-P
 F�'(-9�
 3-5 ( -6
$.

 39�� *
U #$%&' hi-4 (-W�� 
� ��- ! ��(-C
 Z	�1-�� �-5 D�

35 3	�4 �<� ]�5 D��(9� �� D�E	]�5 f4$
 �� ! �B  k�-5 D�E	�

35 ���	 (E�$. ZE�A *(6)�(.35�-K9_ �
 1?B4$?� �<A
$G	�

�' Z	�1�� q$i-4 f-4$
 D( -6
$. *�CI-CI
 3=E 3A (5�	

 �1�� �E � (9$6 [�2 �(BBA 1?B4$?� ]�-5 hi4 
� D�N	� Z	

 3	�-4 Z	�1-�� T��5 �OB
 ]�-5 D�
 D��(-9� �-� D�-E	��- ! �B 

�' ]�5 @	� � �$6 35 �E (BBA ( )$
 D�2��
�� 35 D1?B4$?� ��$' 

�' >	(P
 ��$' @	� �(BBA (9$6)s�(.

3	�4 �5 ]�5 @4 Z	�1�� � D��(9� �� n)�-. 1?B4$?� 
�(8' 

�A �' 3?4 �$6 A 1?B4$?� ���4 ��	� ]�-5 
� {bB
 � ZE� �-E

 �' 3'��� F�BX=E (5�	)c�(.F�
�;=E � M
(')st(�
 3	�4 �o�

 (	�P E �� ���! �� D�
 *
U �	�-��9 /A��-
 � �	�-� /A��
 D�E

 (-	�P E 3-A (9(-6 3-2$?' � (9�$=9 �4
�5 �	�-� /A��-
 D�-E

 �� �?I-- 5 �--O9_ ��--;<=� � (--9
�� 3	�--4 3--5 D�--?=A � 4�7--W

(	�P E �9 /A��
 D�E �	�� �-4� .3	�-4 ��-C' 
� 3-A �9�-E� !

 F_ �<� 3A (B?6�� D�?=A ��;<=� (9�$5 3+�4 M
� Z	�1�� �


 (B?79�� 
$9 *(6 ZE�A �o� 
� #r5 F�� ��� �.��(C
 Z	�1��

 /E hi4 (W�� 
� �� ! � ���9 T��5 @ By 3+�-4 F(-6 } C�

� 3?I! �� ! �' Z	�1�� M
� 3K ?9 
� � �� ! #$G (5�	)st(.

4� ��m Z	�1�� ���4 �(BBA @  C
 L]�5 hi4 Z	�1�� ���

 �4� �� ! 
� 1?B4$?� .D��-5 hi-4 (W�� 
� �� ! ��(C
 Z	�1��

 ]�-5 hi-4 Z	�1�� �5 hi4 (W�� 
� ]�5 hi4 F�1 ' Z	�1��

 Dk�5 
�#r5 �7 9 �5��5 .hi-4 (W�� 
� �� ! ��(C
 Z	�1�� �5

3	�4 ]�5 D�
 D��(9� �B 	�� D�E#r5 ��	� @-	� 1?B4$?� � �(6 

]�5 �-' �
� D��� 3-5 � 3-?��	 ZE�A �E (9$-6)st.(@-	� 3-5

 ]�5 {bB
 F�1 ' J 
�
 �B 	�� D�E#r5 �-O9_ 1?B-4$?� 
�(8' �� 

�' �?I 5 �$6 .]�5 @ By 
��-+ 3-
$5 D�
 �-5 3~ �9�'� �
 �	�E

 (B?7E �(BB~ x�%' �OB
 jk$=C' (9
��)c�(F` ��5
�A ��!�5�� 

�' (9�$
 ]�5 �W�7' f8� F��A �� 
� �
 � o\
 �gA�(W 3A �	�E

 ]�5 �BC	 (9
�� 39�� Dk�5 D�E#r5 (-E� Z	�1�� �5��5 �� 35 �
 

@	� F�(5 ]�5 ��(C
 
� Z	�1�� JP4 3A@ 	�� D�E#r5 /-KW L

�$6 3+�4 � 3I	
)s|.(

*
U 3-5 #r5 "	 �� Z 5 D�
�� D�E �- ��m @?-6�� >- )�

 ?� ��$' [�2 Dk�5 
� #$%-&' F�1- ' 
� *�-Po �-v9 �� 1?B4$

 /A��
 � �i &' f	��6 *
U 3-5 �P79 }<?^' D�E D�
�� D�-E

 (9
�� D�?I 5 �	1' #r5 "	 f8�)d.(F`�-!�5�� �-' (-9�$


 39�� F(6 �� �O2 H�k D1?B4$?� ��$' #r-5 3-4 >+�(-W D�E

 (-B~ @ '\
 �
 �� ! D�
)cw.(*
U 
� 
� #r-5 L�)$-=C' D�-E

 � �=7+ L(-6
 >%-� �-.��� 
� �'� @	� 3A �(6 V+�� �� ! f4

 �-	 F(-6 /-. T��5 L( 4
 �$. F�� �gA�(W 35 #r5 3A �9�'�

 �--' 3+�--4 @?7--;6 �$--6 .
� ��--. hi--4 �� #r--5 3<--l��

��PB	� @	k � �4
��� �bl �� J A�
 �o� 
� �E�!�5�� ZE�-A 

�--' F` �� D�
�� 3--A �	�E(--	�P E � (--5�	�--!�5�� �--4
��� �

�-' �5L(B-6 3<--l�� #r-5 �� �--?=A 
� 7-5 @ --'� hi-4 �� F�--6

 �4� �)$=C' D�E(	�P E)se.(� M
(' f4$
 3A �I	�'�_ 
�

 F�
�;=E)��(L(6 H�K9� ��PB	� 
� #r5 ��b

� @	k �� �b ) D�E

c� �
 �s�?9�4 ��PB	� 
� � �?' @	k �� �)$-=C' D�-Ewc�-
 �z

�?9�4 �-4� ��$5 � p?' �?' .-G �� *
U �-N	� x� D�-E ]�-5�� 

35 L3+�-4 
� �?I- 5 (-B+ � @ BN ) @?6�� > )� M
� 3-5 �P7-9

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
88

.1
3.

47
.1

4.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

14
 ]

 

                             3 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1388.13.47.14.7
https://jcpp.iut.ac.ir/article-1-1077-fa.html



� � 
���	�� ��
� � ���� ����� ��	 /�	�������/��	 ! �&%� � "#$)((/�	#� *+,, 

��� 

(B?7E H��8' 
� 75 .
�$)�')s�(/Ek�-5 � �-Pg' �N?75	@ -5 �

��(C
 >! �
 ��
 *
U 
� @ -'� hi-4 �� #r-5 ��-b

� � �-E�

 F�$B� � ��A �(E�I'�A@ -'� hi-4 �� #r-5 ��-	� ��b

� 3A �

� �bB' �o� "	 �
�� M
� 3-5 �'��8' 
.3<-l�� � ��- ! ��-b

� 

>! �	
�
 �5 D��	� � o\
 @ '� hi4 �� #r5 �� ! ��;<=� � �E�

 (9
��)cd.(W�F�
�;=E � (')sd(>-5�8?' �o� 3A (9��� �
�1!

 >4�
 �
 ��
 L39�� ��;<=� @ 5 � 3+�-4 M
� L#r-5 ��b

� L�E�

 �BC' 3I	
 
���4� ./E #r5 ��b

� �N?75 �-BC' � �-Pg' D
��

 �
�� *
U 
� 3I	
 � 3+�4 M
� �5.F�
�-;=E � M
(')s|�

se (*
U 3A (9�$=9 F�$B� D�E]�5�� �$-. D1?B4$?� � )�C� 

�9k$G F�'� *(' 
� �
 �-� �
�� #$-G �� � ��$-=9 �-bW D�


 (B?7-E 
��
$-.�5 D�?I- 5 3-9�� F(6 .*
U D�-E ]�-5�� 
� L

*
U �5 37	�8' i-4 L�)$=C' D�E ���-4 3-5 �
 �$-. ]�-5 h

�' 3C4$
 3<l�� � (BE� >4�
 �
 �6�A �9�'� ���4 �5 �
 �E�

 ]�-5 hi-4 3-5 D�-?=A F�-'� *(-' 
� � ��$=9 �G D�?I 5

 �' [$<i' (B4
)cw.(F�
�;=E � �
� 9��)��(3A (B?��	
� |z

�
ez3-5 *
U (-	�P E 3-4 @ -5 ��-;<=� xr?.� (l
� >- )�

 �
�� *��b
 �� F(6 �� 39�-' �-O9_ (-6�5.����-	)sc("-	 
�

 *�
( E$5�A �v<S L3)�4 34 3C)�i' �� 
� �
 ]�5 � 3+�4 D�E

 (	�P E]�5�� ]�5 �5 (-	�P E "-	 � #r5 Dk�5 
� D��	� D�E

 �)$=C')Pioneer3790 ( 3-A (-B?��! 3-K ?9 � (-9�$=9 37	�8'

 (	�P E]�5�� �9�-+$� Z-^5 
� D�?I- 5 *�
(- E$5�A D�
�� 

�$9�A F(-6 �-� 3- )�� >W��' 
� �79�$
 � ��$5 �$. 3+�4 � �

(	�=9 >8?B' 39�� 35 �
 D�?I 5 ��$' L39��.a- 8&
 H�K9� �� x(E 

�-4�B6 ���W	LD`$-)$�
$' �-v9 �� �-
�5 (-	�P E [�-^?9� � �

F��O
 38iB' 
� F_ �I~ 3 l$
 F��'� � ���<=��4�.

�>�� �n��	�

�� �
�8 8&
 3�
1' 
� Z	�'�_ @	� ��NI-9�� D�
��I-A �(;I-9

 
� V+�� M
(' � 5�
s|�- C+$' �-5 ��-A F�-5$
� D�?'$-< A 

�	�-- ���p2 #$--Gws� 3--2
� e��--� � �+�--6 3--8 +� 

�	� ���p2�w� 32
� d���b

� �5 � �)�=6 38 +� scsw�� �-?' 

�-��
� #�4 
� �	
� hi4ed�ew(-6 H�-K9� .� [_ ��-&) ��

 8iB' 
� Z	�'�_ D��2� >&' �	�$E 3?-6�� 
��+ #(?C' "I. 3

F_ 39k�4 �!(9
�5 @ N9� ' �d/cd|�< ' �?'�4� .@ - C
 D��5

 ��--. *� l$%--.e�--
 �b--l ��--=�� �� ����%--
 3--9$=9 �z

�?9�--4 "--	 �--O9_ F��--A �$--<^' �� {--� � 3-- O
 ��--. D�--?' 

3--5 ��--. �	� = --6 � �--;	1 � 3--	1K
 �--O2 �--P A�
 3--9$=9

 (-	��! #�4
� ��. � [_ ��NI	�'�_ .93-	1K
 �� >-l�W �	�-?

 
� ��. #�(2s�4� �(6 �
�1! .

F`�!�5�� >-&' 
� � ��B

�� ,�. �'�O4 �A�6 f4$
 

��$
 D�
 �;	�'_ �(&?' *k�	� 
� V+�� (B<A�� *
U �'$-5 D�E

 �G � (6 �(E�I'�@	k��PB	� �� 
� �BI!�$. >79 A619 �

A632 (	��! � Pg
 .>'�6 Z	�'�_ H�K9� >W��' d<W�' ��$-5 3

�� (9�$5 *
�P� 3As�@	k [�^?9� #�� #�-4 
� �-
��
�� D�E

c�@	k 
�5 ( )$
 �5�^?9� D�E���+r
 H�K9� 3-9�!�� D�Ed�

M��-A >NB 4 � �E(	�P E �6�A 3<-l�W D�-E .H�-K9� �� {-�

Z	�'�_ @-	k ��-PB	� �	�-4�B6 � D
�!��4 35 �$5�' D�E D�-E

 @	k � ]�5�� �
��
�� 

�K
 D�E a-	�G �� 
$I-A 
� �$2$' �

#�-4 
� "-	`$)$	1 � � "-	`$)$�
$' *�b-l 3C)�i'ed�ewL

@	k ��PB	� @	�?O5 � (-9(	��! [�^?9� �E 3-5 �	�-?9 �(-'_ �-4�

 � F�I9����PB	� 3A@	k D�E]�5�� 3-C)�i' �
$' *�bl �v9 �� 

��PB	� 35 �P79 @	k (B?6�� D�
�5 �)$=C' D�EL3-5 3-A D
$-G

 hi4 D�
�� ��b

� L]�5 >A ��(C
 L#r5 Dk�5 ]�5 ��(C
 L]�5 

n.�-6 L3-9�� F(-6�� �
�� L/y�-� ]�-5 �
 #r5 3<l�� L3
$5

 �-	�O9 
� � #r-5 [$-y F�� L�-6���5 n.�6 L]�5 hi4

 �� ]�5 D�
�� 1 9 � �?I 5 39�� ��;<=�	�� #r-5 ��-b

� L#r5 @ 

 �-PB	� 3-5 �P7-9 D�-?=A �I	�
 (6
 �
�� #$G L@ '� hi4�

@	k D�-E 
$I-A 
� �$-2$' �

�-K
)a1-a4((-9�$5 .@-	� 
�

 ��PB	� La 8&
 @	k D�E]�5�� (L7) L(L5)L(L9) L(L2) �(L10) 

��-PB	� �	�-4 3-5 �P79 
$A�' *�bl �v9 �� @-	k �
$-' D�-E

(9��� F�I9 D�
�5 �4
�5.

@	k ��PB	� 
�5 ( )$
 � � g;
 �� {� �E(-	�P E L�E)>NB -4

M��A �E(/-E � �5�-^?9� �-
���
�� D�E��PB	� �+r
 �� �� @ -By 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
88

.1
3.

47
.1

4.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

14
 ]

 

                             4 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1388.13.47.14.7
https://jcpp.iut.ac.ir/article-1-1077-fa.html


:=>� 8�? m-�	.- � /0�01 
	�230��� �04� � � 536�7����� 8	%9 :;3	<� �>0#- :<@
� �� 
> 

��� 

��2\*.�-	<�<C- :���� U	H 8	�9�VH 

���5

��. 

(l
�

@6 

(l
�

Dk 

(l
�

M
 

@5�A

 �)_%

*��

 >A%

�b7� 

>5�+

[�2 

p.p.m 

/ 4�?� 

>5�+

[�2 

p.p.m 

{' 

>5�+

[�2 

p.p.m 

1BNB' 

>5�+

[�2 

p.p.m 

@E_ 

>5�+

[�2 

p.p.m 

D�
 

>5�+

[�2 

p.p.m 

pH 
�	�(E

�;	�?;)� 

B6� ��/�� ��/�� �/� ��/� ��/� �/� �/��� ��/� ��/� ��/� ��/� ��/� R�/�

�--9��	� �

�--K
 D�--E��PB	� �--5 �--
��
�� D�--E��PB	� �--+r
 

3--5 (--9('_ �--4�.3--5 �--<~ 
$--G�R(--	�P E � M��--A >NB --4 

(9(--6 37--	�8' Z	�--'�_ @--	� 
�)#�(--2c.(�--4
�5 �--O2 

)$�
$' *�b--lM��--A >NB --4 "--	`$ �I--	�'�_ D(-- )$
 D�--E 

�--5��$--<5 J--)�+ 
� � 
��--;
 H�--K9� ����%--
 >--'�A D�--E 

�--��! .�--� a-- =� /^--6 >'�--6 @ --'� 3-- O
 *�-- <=�	L�1  

}<� Z^� 
�(-8' 3-5 F�-;	��
� ZAw�� >-P+ 
�-?;E 
� �-? ) 

#��--C' Z--^� L�
�--O5 �(--K' /^--6�zz 
�--?;E 
� H�!$--< A 

"7--	� F�� � H$-- 9$'_ *�b7--�3--5 F�$--=9 �$--<^' 
$--vB' 

3?I--� � D$--2 3-- O
 � ��--. �--5 �$--A �$--5 �--E .(--W�� �--E 

Z	�'�_)*�A (�
d3<-l�� �-5 �-6�A }-	�
 |w�?9�-4 �-?' 

#$G �sz�-' > ;I-
 �-?' (-9��� .�$-<5 @ -5 �I-	�'�_ D�-E 

c(-	��! 
$-vB' 3<l�� �?' .M��-A >NB -4 
�-5 �-6�A D�-E 

a--=� 
� � �--4� �--5 *
Uw�?9�--4 
� D�--?'3?I--� 3--P) �--E 

(6 H�K9� .3-
$5 �-6�A 3<-l�� }-	�
 D�
 �-Est�?9�-4 �-?' 

35 �$5 ��(-W �	�-O9 /A��-
 3-A D
$G|zzzz 
�-?;E 
� 3-
$5 

35 *�A �E D��5 (-'_ �4� .3-5 
�-5 �� ��-bW �-E 
� *
$-l

3--�A 3--XE� ! 
��8?--4� �� {--� F�$--?5 �--
 (--6 3?--6�A D� � �--E 

3-
$5 F�$-=9 "-B
 �5 �)�=?W� *��i. V�
 /A��-
 3-5 �-E D�-E 

( 4
 �v9 �
$' .3-
$5 LF(-6 3-!�5 
�-Oy 3-<W�' 
� "-B
 �-E 

(-6 3?-6��! �+�-5 3-
$5 "-	 f-8� ��-bW �E 
� � �(6 .
�-5 


� "--	 �P7--9 3--5 @ 7--A$5
�A /--4 �--5 �--6�A �� >--P+ *
U 

(6 �9$b� (� 
�1E .�-6�A �� {-� 3<-l��r5 D
�- 5_ @ -)�� 

D
�- 5_ � (-6 H�-K9� 
�5 J7-W �-5 D(-C5 D�-E � ��- ! ��- 9 

35 3<-l�� 35 �P	�8
 
$G�"-	 ��
 
�-5)3-5 F�$-5 �B-6 �-<� 

#�(2 LZ	�'�_ >&' ��.s(���! *
$l .�-6�� *� <=�

 }<� @ 2� >'�6 /-4 ��5
�-A � L*
��-� F�-'� 
� ��E D�E

 �v<S 35 �'�A�w/s3<W�' 
� �(B;' *��IW 3 <� �5 
�1E 
� 

H�(9� 
$Om �� >P+ �� �$-A Z-^� � �-9 D�-E 
�(-8' 3-5 �
cwz 

)#��C'sczF`��? 9 H�!$< A (3-5 
�-?;E 
� H�!$-< A *
$-l

 3<W�' 34 
� ��4e>! >'�A 
$Om LF(6 3!�5 D�(?5� � @	U_

�$5 39�� F(6 ��.

]�--5 ��(--C
 �--'r� �--5 �--E D�
 D
��--!w�--E 
� 3--
$5 

]�-5 � *�A �-E 
$-Om H�-NBE 
� #r-5 Dk�-5 � @ 	�-� D�-E 

�-4 � (-6 n^I-' ]�5 ]�-5 ��(-C
 @ N9�- ' D�
 {D�-E 

w�-��! *
$l D
�'_ 3	1K
 3
$5 .]�-5 hi-4 @ - C
 D�-E 

���(-9� ��N?-4� �-5 #r5 Dk�5 � @ 	�� #(-' ]�-5 hi-4 D�- !

Delta-T Deviges (-6 H�-K9� �-9 H�(-9� 
$Om �� (C5 .��-;<=� 

r-5 �?-4� �-6���5 �-5 L#r-5 >-'�A F( 4
 F�'� 
� 39�� #�-E 

�9�-- ' }--	�
 �� 
� �� 3 --6�W x�--W �� {--� L*�--A �--E 


� H�!$-< A J7-W �-5 L#r-5 �� 3-9�� F��A �(2 � �O9_ @ ��G

 �5$G
 �5 
�?;Esd(	��! 3P4�&' (l
� ./E3
$5 ��b

� @ By

 >! 
$&' D�(?5� �
 @ '� hi4 �� �?9�-4 J7W �5 @	U_ 
� �-?'

 (6 �Po L�6���5 F�'� .L#r-5 ��-b

� L#r5 � >4�
 @ 5 3<l��

 #$G��N9� ' /E � �E �?9�-4 J7W �5 #r5 #$G @ By D�
 �-?'

sz (	��! @  C
 � �Po 3
$5 .L�6���5 F�'� 
� F�1- ' ��-;<=�

 H�(9� �6���5 a	�G �� "	`$)$ 5 F_ F��-~ �I. � �	�$E D�E

 D�'� 
�|z�?9�4 32
� 35 ���! (-	��! 3P-4�&' ��
 34 *(' .

���(9� *�bl 3 <A �� ���b?4� �5 �(6 D� !H�9 D
�-'_ 
�1��SAS 

@ N9�- ' {�-4 � (-B?��! 
��-+ D
�-'_ >- <&
 � 3	1K
 �
$'

 3-B'�� (-By F$-'�_ f-4$
 �E
�= 
 � 37-	�8' �
$-' @-;9�� D�

���! 
��+ �5�	�
�.

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
88

.1
3.

47
.1

4.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

14
 ]

 

                             5 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1388.13.47.14.7
https://jcpp.iut.ac.ir/article-1-1077-fa.html



� � 
���	�� ��
� � ���� ����� ��	 /�	�������/��	 ! �&%� � "#$)((/�	#� *+,, 

��� 

��2\o."P
�� pB>0:� �-�	.- 
	�230��� � 	��2! (	]&=> 
	��0�
3> �^_- �> "9	d �2�N O��

�

�K
 D�E(	�P E >NB 4 AM�� �E

Sc108 b1×b5 b9×b5 a4×b5 a1×b5 a2×b5 a3×b5 
Sc301 b5×b7 b10×b9 a4×b9 a1×b9 a2×b9 a3×b9

Sc604 b1×b7 b2×b7 a4×b7 a1×b7 a2×b7 a3×b7

Sc704 a3×b2 a4×b10 a×b10 a×b10 a×b10 b9×b7

b1×b2 b9×b2 b5×b2 a4×b2 a1×b2 a2×b2

q3	&=rC� �

1K
 �� >l�W �	�?9 (	�P E H�=
 @ 5 3~ ��� F�I9 {9�	
�� 3	 �-E

�--BC' xr?--.� �5�--	�
� �
$--' *�b--l �--v9 �� �
�� �$--2� 
��

)#�(--2 �.(]�--5 ��(--C
 ��--;<=� � #r--5 @ 	�--� � k�--5 D�--E

 "-	`$)$ 5 �-BC' *��-b
 �E(-	�P E @ -5 
� hi-4 
� D
��s%

?---6�� (B)#�(---2 d(.>NB ---4 M��---Aa4×b7 � @	�
k�---5 

>NB 4 M��A 
 D�E �

�K@ 	�� �
	]�5 ��(C
 @#r-5 Dk�5 D�E

 (9�$5 �
�� �
 .F�=E D
$G jrP+ 3A >NB -4 (6 3?b! M��-A D�-E

35 35 �`��� @	� 
� �('_ �4� ]�5 ��(C
 F` F�$5 �
�� �<� D�E

 (B?6�� �

�K
 D�E(	�P E 35 �P79 D�?I 5 36$. Dk�5 .
��6

)cw(( )$
 �!�5�� F` �<l� �o� 3A ��~ F� 5]�5 ���-�� D�-E

 qrl� 3A �4� ���~ 3 l$
 � �4� #r5 Dk�5 
� *�-P9 F��-!

 (B-6�5 3?-6�� 32$
 LF_ ���(9� � ]�5 ��(C
 
� �bl �� �E 35

(5�	 Z	�1�� *
U ]�5 hi4 �
.

]�5 ��(C
 >NB -4 @ -5 
� #r-5 Dk�5 D�E M��-A �
$-' D�-E

 �$5 *��b?' 1 9 Z	�'�_ .35D
$G -W � �gA�(W @ N9� ' 3A >+�(

 ]�5 ��(C
 M��-A >NB 4 @	� 
� #r5 Dk�5 D�E �-Esd���/e

35 ('_ �4�.
��6 )cw(F` 3A ��A �
�1! D��-5 }-<?^' D�E

 ]�5 ��(C
 �' �E 3A (9
��N5 �o� �!�5�� �bl ���5 D�
 (B9�$


 �' �o� @	� (6�5 �<)_� S � �I	�1�� (9�$
 .]�5 ��(C
 @ 	�-� D�E

 >NB 4 �?I 5 
� 1 9 #r5 M��-A 3-5 D�-E �� �?I- 5 �(-'_ �-4�

 �$5 �

�K
 D�E(	�P E .>NB 4 M��-Aa4×b7 )�|/t(5@	�?I- 

 ]�5 ��(C
 >NB 4 � #r5 @ 	�� D�E M��A D�Ea3×b10)��/�(L

a1×b10)��/�(�

�---K
 D�E(---	�P E � L)�|/w(@	�---?=A

]�5 D�E @ 	��(9�$5 �
�� �
 #r5.

>NB --4 M��--Aa4×b2

�--K
 (--	�P E ��SC1083--5 J-- 
�


 @	�?I--- 5)t/ha cc/se(@	�---?=A �)t/ha �|/sc(��---;<=�

 (9�$=9 ( )$
 �
 "	`$)$ 5 .LAI D�
 �-5 �-4� @-;=' ����� 

(6�5 3?6�� �5$<i'�9 �o� ��;<=�)��.(]�5 ��(C
 @ N9� ' D�-E

 >NB 4 
� #r5 @ 	�� � k�5 M��Aa4×b2 ��-;<=� @	�?I- 5 3A 

"	`$)$ 5)t/ha cc/se(39�� �)t/ha cc/sz(J- 
�?5 �6�� �


�|/ss���/e�$--5 .�

$--l 
� >NB --4 3--A M��--Aa4×b7 �--5 

@?6��sd��|/t35 ]�5 ��-;<=� L#r-5 @ 	�� � k�5 
� J 
�


 �	��8' �5 �
 39�� � "	`$)$ 5sd/s|�sd/t(- )$
 
�?;E 
� @
 

�$=9 .��
 �� �;	 �E� ! /A��
 Z	�1�� F( -4
 D�E �gA�(-W 3-5

 �-4� *
U ��$9�-A 35 D��
� D( 6
$. 
$9 [�2)��cs.(

/E 1-A�=
 Z	�1-�� T��5 �E� ! /A��
 F��A ��	� @ ByLAI �

��$9�-A Dk�-5 �=7-+ 
� 
$9 [�2 3-5 #r-5 hi-4 
� ��-	�

�' Z-89 (%-8' � 0�(-P' @ -5 f-5��
 
� �
�� #�=?W� 3A �$6

 (6�5 3?6�� D( b')sw�c|.(��$9�A %-&' D�E �-��
� *k$

 �� �?=~ (6
 >%� #$G 
�w%�(6 [�2 D( 6
$. D`�9� ��

 �-' >	(-P
 �	� = -6 D`�-9� 35 �
 (-BBA)e.(/A��-
 ��-	� D�-E

�' ��O5 (B9�$
 ��$9�A D(B' Z	�1�� �
 ( 6
$. 
$9 �� *
U D�E

 (BE�)cs.(]�5 1A�=
 35 #r5 hi4 
� /)�4 D�E �-4�� F�$-B�

 E� ! /A��
 Z	�1�� 35 *
U h �$
 >5�+ ��-4� .#�-W �-E 3-5

 ��-;<=� 35 �(6 [�2 D( 6
$. D`�9� �  p
 � >	(P
 �	�
�A

 ���	 (E�$. ZE�A L�E� ! /A��
 Z	�1�� �5 L*
U 
� D��%?+�

 3	�4 F_ > )� 3A�' D��(9� (6�5)�.(�9�-'� �-
 1?B4$?� L>A 
�

 �' Z	�1�� j�P	�8
 3A (5�	tw%q$i4 f4$
 D( 6
$. VICI


?B4$?� �?I- 5 ]�-5 hi4 Z	�1�� 39$! �E � �$6 [�2 �(BBA1 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
88

.1
3.

47
.1

4.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

14
 ]

 

                             6 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1388.13.47.14.7
https://jcpp.iut.ac.ir/article-1-1077-fa.html


:=>� 8�? m-�	.- � /0�01 
	�230��� �04� � � 536�7����� 8	%9 :;3	<� �>0#- :<@
� �� 
> 

��� 

��2\+.:3�.- �>�3"P
�� s�&]� 8	%9 X=	 B>0p 	�

�  p
 V5�B' 
32
�

D���_ 

]�5 ��(C
 

Dk�5 D�E#r5 

]�5 ��(C
 D�E

 @ 	��#r5 
��;<=�"	`$)$ 5 

(t/h) 
#r5 #$G �� ! ��b

� 

@ 5 3<l��

#r5 � >4�
 


��;
 ��R/���/���/���/���/���/�

(	�P E ��** ��/�R** ��/R** ��/R** ��/��**��/R�� ** ��/��� 

�i. ����/���/���/��R/���/����/R

��	p
 J  *�� ��/���/���/���/�R�/���/�

�  p
 V5�B' 
32
�

D���_ 
��N9� ' #$G #r5 ��b

� 

]�5 hi4 k�5 D�ED

#r5 

]�5 hi4 D�E

#r5 @ 	�� 
39�� ��;<=� 


��;
 ���/���/����/��R ��/����� ���/�

(	�P E ��** ��/��** ��/��� **��/����R�R ** ��/������ **��/�

�i. ����/���/����/R���� ��/R�R�� ��/�

��	p
 J  *�� ��/���/���/���/����/�

** :BC'�#�=?W� hi4 
� 
�� �(l
� 

[$<i' (W �� 3	�4 f8� ]�5 D�
 �5 D��(9� ��	� �
 �B 	�� D�E

�' �
�� ��- ! D��-5 �A(-9� �< . �$4 � (BA)s�.(�� D��(-C


>NB 4 M��A �

�-K
 D�E(	�P E 35�I' D��;<=� D( )$
 D�E

 (-9�$=9 (- )$
 D�
k�-5 ��-;<=� 1- 9 D��(C
 � (B?6�� .��(-C


]�5 *
U 
� �-O9_ V	�$
 � �E 3-B '� D�
�� D�-E D�-E }-<?^'

 �' �  p
 �; ?9` ���� 
� 3-y �-!� (BA j�?P7-9 �
�$-' 3- )�� D�-E

 /E �� D��	� �$-2� �)$-=C' � ]�-5�� D�E(	�P E @ 5 �9�6$�

 #r5 Dk�5 
� 3A �9�E� ! (B9�' L�6��e(B?-6�� ]�5 .Z	�1-��

 >-5�+ �9�-4_ 3-5 ]�5�� *
U 
� ��;<=� > 79�?� 3vWr' >5�+

 35 �!�5�� F` ��	� �4� 3 2$
 
� �
 ]�-5 hi-4 (- )$
 �?W�


�' Z	�1�� �5��5 �� 35 j�P	�8
 *
U (E�)cw.(

>NB 4 �� #r5 #$G @	�?I 5 M��-A D�-Eb2×b7 �b5×b7 

35 #$G)cm cd(35(-'_ �-4�)#�(-2d.(#r-5 #$-G 3-?P)� 

>NB --4 
� M��--A >NB --4 � 
$A�--' D�--E M��--A D�--Ea4×b7 

)cm�|/cc(La4×b2)cm c�(Lb5×b2 )cm �|/cc(�-----v9 ��

 �BC' *��b
 D
�'_ �6�(9 D
�� .�$-5�' #r-5 #$-G @	�-?=A 

�

�-K
 (-	�P E 35SC108)cm �|/sw(D
� 7-5 �-5 3-A �$-5 

>NB 4 �� M��A �-BC' *��-b
 D
�-'_ �-v9 �� �-N	� D�-E D
��

�6�(9 .

>NB 4 
� �� ! ��b

� M��Aa4×b7)cm ��/c��(@	�
k�-5

 �� 3A �6�� �
 
�(8' >NB -4 �-5 D
�'_ �v9 M��-A D�-Ea2×b5 

)cm �|/cc|(La4×b5)cm ��/c�c(�-BC' *��-b
 � E D
��

 �--6�(9 �$--2�)#�(--2d.(3--5 �$--5�' ��-- ! ��--b

� @	�--?=A

 �

�K
 D�E(	�P ESC108 �SC301 �$-5 .�� 
� ��- ! ��-b

�

 �� D
� 7--5 35�I--' D
�--'_ �--v9 �� �--N	� �

�--K
 (--	�P E

>NB 4 M��A �
$' D�E�$5 Z	�'�_ @	� 
� ���b?4� .

>NB -4 3-5 �$-5�' #r-5 �-
 >-4�
 3<-l�� �gA�(W M��-A

b10×b7)cm sce(>NB --4 �--5 3--A �$--5 M��--A D�--Ea3×b7 

)cm �|/scd(La1×b7)cm sc�(La4×b7)cm scw(La4×b5 

)cm scw(*��b
 D
�'_ �v9 �� �BC' D
�� (B?6�(9 )#�(2d.(

#r-5 �-
 >-4�
 3<l�� @	�?=A �

�-K
 D�E(-	�P E 3-5 a-<C?' 

SC108)cm e�(�SC301)cm ts(�$5 .#r-5 �
 >4�
 3<l��

 >NB 4 3 <A 
� M��A �

�-K
 D�E(-	�P E �� Z -5 D( )$
 D�E

(9�$5 .

35 ]�5 ��(C
 Z	�1�� �<� >NB 4 
� �E M��A � D( )$
 D�E

 ]�-5 �-E Z	�1-�� D��� 3-5 ��- ! ��b

� @?�� 9 Z	�1��L3<-l�� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
88

.1
3.

47
.1

4.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

14
 ]

 

                             7 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1388.13.47.14.7
https://jcpp.iut.ac.ir/article-1-1077-fa.html



� � 
���	�� ��
� � ���� ����� ��	 /�	�������/��	 ! �&%� � "#$)((/�	#� *+,, 

��� 

��2\t.<� E�P=	�� :;3	6�7����� 8	%9 3� �04� � � 5�6�7�3"P
�� 5B>0p	�

>4�
 @ 5 3<l�� 

#r5 �)�?9�4�?'(

�� ! ��b

� 

)�?9�4�?'(

#r5 #$G

)�?9�4�?'(

��;<=�"	`$)$ 5 

)
�?�E 
� @
(

]�5 ��(C
 D�E 

@ 	��#r5

]�5 ��(C
 D�E 

Dk�5#r5

>NB 4 M��~ �E

abcd�/��R cdefg��R cde�/�� ef�/�� bcde�/� c�/�� a3×b7 
f��� bcde��� bc�/�� ef�/�� abc�/� bc�/�� a2×b7

ab��� abc��� b�� de�/�� ab�/� ab�/�� a1×b7
abc��� a�/��� a�/�� bcd�/�� a�/� a�R a4×b7
cdef�/��� fghij�/��� a�R cde�/�� def�/� cd�/�� b2×b7

bcde��� ijkl��� a�R bc�/�� abcd�/� bc�/�� b5×b7
f��� jklm��R cd�/�� fg�/�� ab�/� c�/�� b9×b7
a��� jklm��R cdef�� h�/�� abcd�/� de�/�� b10×b7

g�/��� klmn��� cdef�� ml�/�� bcde�/� f�/�� a3×b2
g��� hijkl�/��� efgh�/�� kl�/�� def�/� ef�/�� a2×b2

def��� cdef�/��� fgh�/�� jkR/�� cdef�/� de�/�� a1×b2
def��� bcde�/��� a�� a�/�� bcde�/� dc�/�� a4×b2
bcdef�/��� defghi�/��� a�/�� b�/�� bcde�/� dc�/�� b5×b2

i�/��� klmn��� defg�/�� ghR/�� efg�/� ef�/�� b9×b2
g�/��� cdefgh�/��� defg�/�� I�/�� def�/� fg�/�� b10×b2

�/��� ghijk��� h�/�� r�/�� def�/� fgh�/� a3×b5
cdef��� abcd�/��� gh�� nopqr�/�R abc�/� dc�/�� a2×b5

cdef�/��� bcde�/��� efgh�/�� nopq�/�� abc�/� dc�/�� a1×b5
abc��� ab�/��� efgh�� j�/�� ab�/� bc�/�� a4×b5
g��� klmn��� gh�� opqr�/�R cdef�/� ef�/�� b9×b5
i��� lmn�/��� gh�� qr�/�R efg�/� fgh�/� b10×b5
j��� o��� fgh�/�� nopq�/�R fg�/� hij�/� a3×b9 
hi��� jklm��R fgh�/�� mno�/�R def�/� fgh�/� a2×b9

g�/��� ghijk��� defg�/�� mn�/�� cdef�/� fg�/�� a1×b9
g��� efghi�/��� fgh�/�� jkR/�� abc�/� f�/�� a4×b9 
gh�/��� hijkl��/��� cdef�� kR/�� efg�/� ghi�/� b10×b9 

hi��� mno��� efgh�/�� qr�/�R gh�/� j�/� a3×b10 
g��/��� ghijk�/��� fgh�/�� qr�/�R fg�/� hij�/� a2×b10
ef��/��� fghij��� efgh�� opqr�/�R gh�/� ij��/� a1×b10

def��� cdefg��R efgh�/�� mnop�/�R fg�/� ghi��/� a4×b10 
m�� q��� h��/�� u�/�� h�/� k�/� Sc108 
l�� d��� fgh�/�� t�/�� h�/� K�/� Sc301 
k�R no�/��� efgh�/�� qr�/�R h�/� K�/� Sc604 
k�� fghij�/��� cdef�� s�/�R h�/� K�/� Sc704 

@ N9� ' �ED�
�� D>+�(W 	3B'�� (By F$'�_ a5�i' F$?4 �E 
� ��?I' x�W ��Dhi4 
� @�9�� �BC' xr?.� (l
� �
��D(9
�(9 .

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
88

.1
3.

47
.1

4.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

14
 ]

 

                             8 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1388.13.47.14.7
https://jcpp.iut.ac.ir/article-1-1077-fa.html


:=>� 8�? m-�	.- � /0�01 
	�230��� �04� � � 536�7����� 8	%9 :;3	<� �>0#- :<@
� �� 
> 

��� 

��N9� ' D�E(-	�P E 3-5 �P7-9 " ??B -4 D�E(-	�P E @	� 
� �E

 �-��	 ZE�A �

�K
L��N9�- ' 3<-l�� @	�?I- 5 3-5 a-<C?' �-E

 D�E(-----	�P ESC604)cm |c/s�(�SC704)cm c�/s|(�

>NB 4 35 �$5�' 3<l�� @	�?=A M��Aa4×b7 (9�$5 )#�(2 w.(

�

�--K
 (--	�P ESC108)cm ez(�

�--K
 (--	�P E � >+�(--W

SC704)cm �|/scc ((B?6�� �
 #r5 ��b

� �gA�(W .

@	� 35 32$
 �5 >NB -4 
� ��- ! ��b

� 3AM��-A �
$-' D�-E

  5 ���b?4� �-' ��PB?-4� ��) �$5 �

�K
 D�E(	�P E �� �?I ���-! 

>NB 4 @	� 
� 3AM��A �(-9�
 @ -'� hi-4 x�-G 3-5 #r-5 �E 

35 �(6 3<l�� 3A D
$G �-4� 3-?��	 ZE�-A @ -'� hi4 �� ��

)#�(2�.(>NB 4 @	� 
� M
� #�=?W� @	��5�B5 M��A �-?=A �E

 M
�	� �

�K
 D�E(	�P E ���4�.

	�?I 5 � @	�?=A 35 #r5 Dk�5 ]�5 hi4 @35 a<C?' J 
�


>NB 4 M��Aa4×b7)ccm dw�z ((9�$5 �

�K
 D�E(	�P E �.

>NB 4 �� �.�5 3?P)� M��A D�
�� Z	�-'�_ 
� ���b?4� �
$' D�E

 �-v9 �� �

�-K
 D�E(-	�P E �-5 �O5�I' #r5 Dk�5 ]�5 hi4

 (9�$5 D
�'_ .�' ��PB?4� �$�$' @	� �� 3y �!� 3A ���! ��(-C


 >NB 4 
� ]�5 M��A ��-C5 
� �-)� ���	 Z	�1�� ]�5�� D�E

 35 �
�$' ]�-5 #$-G �	 � ��� F(6 /A �<� @-	� 
� �-E 3-9$!

>NB 4 M��A 3vWr' >5�+ *��b
 �E k�-5 ]�-5 hi-4 @ 5 D� D

�

�K
 D�E(	�P E � �O9_ 36$.�(	� (I9 .@ 	�-� ]�-5 hi-4

 >NB 4 
� #r5 M��Aa4×b7)ccm �zcz (?I 5 @	�-?=A � @	�

>NB --4 3--5 �$--5�' F_ M��--Aa3×b10)ccm �/ss�� ((--9�$5

)#�(2w.(3vWr' >5�+ 1	�=
 >NB 4 @ 5 D� M��A D�-E �
$-'

 (I-9 �(E�I-' �

�-K
 D�E(-	�P E � Z	�'�_ .>NB -4 M��-A

a4×b2 �

�---K
 (---	�P E �SC1083---5 @	�?I--- 5 J--- 
�
 

)t/ha cc/sz(@	�--?=A �)t/ha �|/�(� ��--;<=� (-- )$
 �
 3--9�

(9�$=9 .>NB 4 �� 39�� ��;<=� @	�?I 5 M��A (-6 >l�W �	�E

 ]�5 ��(C
 3A � �$-5 f-4$?' (W 
� �O9_ #r5 @ 	�� � k�5 D�E

>NB 4 M��A ]�5 ��(C
 3A �	�E (B?-6�� D��	� @ 	�� � k�5 D�E

 (B9�=Ea4×b7 35�gA�(-W (B?7-9�$?9 ��-	� �I-	�
 (-6
 �-<�

 ?6�� �
 39�� ��;<=� (B6�5 3.]�5 ��(C
 @ N9� ' @ 	�� � k�5 D�E

>NB --4 
� #r--5 M��--Aa4×b2 3--9�� ��--;<=� @	�?I-- 5 3--A 

)t/ha cc/sz(35 (9�$=9 ( )$
 �
 J 
�
�|/ss���/e�$-5 .
�

�

$l >NB -4 3-A M��-Aa4×b7 @?-6�� �-5 sd��|/t]�-5 

35 #r5 @ 	�� � k�5 
� J 
�
sd/t� ��;<=� 
�?;E 
� @
 �
 39�

 �$=9 ( )$
 .>NB 4 �� D��(C
 M��-A D��-;<=� LD(- )$
 D�-E

 D�
k�5 ��;<=� 1 9 D��(C
 � (B?6�� �

�K
 D�E(	�P E 35�I'

 (--9�$=9 (-- )$
 .*
U 
� 3--9�� ��--;<=�(Zea mays L.) �--5 

n.�6 �-4�4� ��-P

� ��$9�A F�=?.�4 @	��5�B5 � ]�5 hi4 

�
��)ct.(

]�5 ��(C
 Dk�5 D�E ���(9� *�bl 3 <A �5 #r5 �(-6 D�- !

35 /-E 3-i5�
 #r-5 ��-b

� � ��N9� ' #$G 12 � �-Pg' �N?7-5

�BC' �
�� D
��)#�(2 �.(�BC' � �bB' 3i5�
 #$-G @ -5 D
��

 ���(9� *�bl �	�4 � ��N9� ' 3y �E �BC	 �
�� �$2� �(6 D� !

 �$6 3?4�A ��N9� ' #$G ��)]�5 ��(C
 Z	�1�� �5 Dk�-5 D�-E �

#r5 @ 	��(�' Z	�1�� 39�� ��;<=� 3<=2 �� *�bl �	�4 (5�	 .

�BC' L�� ! � #r5 ��b

� @ 5 3i5�
 �5 �BC	 �4� �Pg' � 
��

 �' Z	�1�� 1 9 #r5 #$G �� ! ��b

� Z	�1�� (5�	 .�-5 #r5 ��b

�

���(9� *�bl �	�4 3i5�
 �(6 D� ! �6�(9 D�)#�(2�.(

35 �' �<A 
$G $
>NB -4 3-A �-��! 3-K ?9 F� M��-A D�-E

a4×b7 �a4×b2 �	�-4 �� �-?O5 "I. ���' ( )$
 �v9 �� �� �E 

>NB 4 M��A >NB 4 � ��$5 �E M��-Aa4×b2 ��-;<=� /=	1A�-' 

�6�� �
 39��.

:.�&=
0�Z 

hi-4 ]�-5�� �- S D�E(	�P E 35 �P79 ]�5�� D�E(	�P E 
�

 3-5 3K ?9 
� � �4� �?I 5 #r5 Dk�5 ]�5 
$-9 D�
�o�-' 
$-G

�' [�2 �
 ( 6
$. (BBA.��N9�- ' D�E(-	�P E � ��-PB	� 
� �-E

 @-	k � �E(	�P E �5 37	�8' 
� ]�5�� ]�-5�� �- S ��-PB	� D�-E

(9�?E�
$A .

*
U >-A�A ���-4 ]�-5�� � S 35 �P79 ]�5�� D�E �-E�

 [$<i' ]�5 hi4 3C4$
 L�?I 5 � �?I- 5 #r5 (6
 ���4 L�


	� ]�5 hi4 (W��(B?6�� �
��.Z -5 ]�-5�� D�E(	�P E �?I 5 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
88

.1
3.

47
.1

4.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

14
 ]

 

                             9 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1388.13.47.14.7
https://jcpp.iut.ac.ir/article-1-1077-fa.html



� � 
���	�� ��
� � ���� ����� ��	 /�	�������/��	 ! �&%� � "#$)((/�	#� *+,, 

��� 

��2\u.E�P=	�� :;3	<�/0� `@� F�_� a	%-�> F�0P=	�� ��� 	1 � D	� 
	��3:=>� �0J� � � �_� E

39�� ��;<=� 

)
�?�E 
� @
(

]�5 hi4 @ 	�� D�E

#r5)?9�4�V5�' �?'(

]�5 hi4 k�5 D�ED

#r5)�?9�4 V5�' �?'(

#r5 ��b

� 

)9�4�?�?'(

��N9� ' #$G 

)�?9�4 �?'(
>NB 4 M��~ �E

fg�/� ghij�/���� ef�/���� efgh�/�� ghijk�/�� a3×b7 
fg�/� ghef���� de���� bcd��� jkR/� a2×b7
ef�/� bc���� b���R cdefg��� ijkR/� a1×b7

cde�/� a���� aR��� bcd�/��� k�/� a4×b7
def�/� ijklm�/��R� efg�/���� fgh�/�� fghijkR/�� b2×b7
cd�/� bcd���� b���� h�� hijk�/� b5×b7
gh�/� defg�/���� ef�/���� gh�� hijk�/� b9×b7
i�/� ghi�/���� fgh�/���� i�� efg�/�� b10×b7

mn�/� ghij�/���� hijk�/���� cdef�/��� fghij�/�� a3×b2
lm�/� ijklm�/��R� ghij�/���� cdef�/��� fghij�/�� a2×b2
klR/� fgh���� de���� cdef�/��R fghij�/�� a1×b2

a�/�� cdef�R�� c�R�� cde�/��� fghijk�/�� a4×b2
c�/� cdef�R�� c�R�� efgh�/�� fghij�/�� b5×b2
hiR/� jklmn�/���� ghij�/���� bcd�/��� ghijk�/� b9×b2
j�/� ijklm�/���� ijkl���R bc�/��� efg�/�� b10×b2
st�/� ijklm�/���� jklm�/���� bc�/��� efgR/�� a3×b5

opqr�/� ghef���� efg�/���� cde�/��� fghijR/�� a2×b5
opqr�/� bcde�R�R cd���� cde�/��� ghijk�/�� a1×b5

k�/� ab���� b���� bcd�/��� ghijk�/� a4×b5
opqrs�/� hijkl���� ghij�/���� cdefg��� fghijkR/�� b9×b5

rst�/� jklmn�/���� jklm�/���� cde�/��� fghi�� b10×b5
opqr�/� klmn���� lmn��R� cdef��R efgh�/�� a3×b9 
nop�/� ijklm�/��R� jklm�/���� bcd��� efgh�/�� a2×b9
no�/� fgh���� gh�R�R cde�/��� efg�/�� a1×b9
klR�/� abc���� ef���� bcd�/��� fghij�/�� a4×b9 
lR/� jklmn�/���� klm�/���� bcd�/��� def�/�� b10×b9 

rst�/� n�/���� n�/���� defg��� cd�/�� a3×b10 
qrs�/� klmn�R�� lmn���� cde��� de�/�� a2×b10
pqrs�/� lmn���� klm���� efgh�/�� bc�/�� a1×b10 
nopq�/� ghijk���� ghi�R�� cdef��� cd�� a4×b10 

t�/� mn�/���� n���� i�� b�/�� Sc108 
kl��/� mn�/���R n�R�� efgh�� b�/�� Sc301 

b�/� jklmn���� n���� b�/��� a�/�� Sc604 
cde�/� ijklm���� mn���� a�/��� a�/�� Sc704 

@ N9� ' �ED�
�� D>+�(W 	3B'�� (By F$'�_ a5�i' F$?4 �E 
� ��?I' x�W ��Dhi4 
� @�9�� �BC' xr?.� (l
� �
��D(9
�(9 .

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
88

.1
3.

47
.1

4.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

14
 ]

 

                            10 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1388.13.47.14.7
https://jcpp.iut.ac.ir/article-1-1077-fa.html


:=>� 8�? m-�	.- � /0�01 
	�230��� �04� � � 536�7����� 8	%9 :;3	<� �>0#- :<@
� �� 
> 

��� 

��2\v.>0w 3�� fP&;������ 8	%9 E3��:=>� �04� � �

*�bl 
]�5 ��(C
 D�E

�� 	#r5 @

���<=�

39�� 

#$G

#r5 
! ��b

� ��

>4�
 3<l��

#r5 �

#$G

' ��N9� 
#r5 ��b

� 

]�5 hi4

#r5 Dk�5 

39�� ���<=� **��/�

#r5 #$G **��/�**��/�

! ��b

� ��**��/�**��/�**��/�

<l��3� >4�
 

#r5 
**��/�**��/�**R�/�**��/�

' #$G ��N9� **��/��**��/��**��/��**��/��**��/��

#r5 ��b

� ns���/�ns���/��ns�R/��**�R/�ns��/��ns��/�

Dk�5 ]�5 hi4

#r5 
**��/�**�R/�**��/�**��/�**��/�**��/��ns��/��

�� ]�5 hi4 	@

#r5 
**��/�**��/�**R�/�**��/�**��/�**��/��ns��/�**��/�

** �ns :35BC' xr?.� �N9� 5 J 
�
�hi4
� 
���BC' xr?.� H(� � (l
� �
�� 

(9�$=9 ( )$
 #r5 "	 ��L�)� �?I 5 
� ]�5�� � S D�E(	�P E 

(9��A ( )$
 #r5 "	 �
�$' .jk$l�*
U "-	 �� Z -5 3A �	�E

�' ( )$
 #r5 (-9
�� D�?I- 5 ��;<=� *�Po (BBA.@-	k 
� D�-E

 L�b )� S 35 �P79 ]�5�� (	�P E � ��PB	�LAI �$-5 �?I- 5 >A .

*
U L�5�o /A��
 "	 
� 35 �b ) D�E [$-<i' Z-	�
_ >- )� �-


3	�4 ]�-5 D�
 �5 D�?=A D��(9� >-A 
� � 3?-6�� �B 	�-� D�-E

?B4$?� F�1 '*
U 35 �P79 �O9_ 1�-4� �?I 5 ]�5�� � S D�E.

]�-5 (-6
 ���-4 D�
�� *
U ]�-5�� D�E(	�P E � �E��PB	�

 �9k$G 39�� F(6 �� �
�� L�?I 5 
� @ 	�-� �?5$-G
 D�$?&' L�


 (9�$5 D�?I 5 �6���5 n.�6 � �6���5 .D�E(-	�P E @	��5�B5

�' ]�5�� 5 3?6�� �8��' ( )$
 F��O
 38iB' 
� (B9�$
(B6�.

��	
� ���� ��	%&�> 

�.H L>%&' (6�
.q.LH.�B 7W LH.� � D(P� .�5r �r' .s�|�.*rS ���
� .(OI' �E�NI9�� ��O2 *�
�I?9� .

�.q LF� = W
.L�.� � �;y$A .(9� .s�|| .���
� F�E� ! ��;<=� � D
�!��4 L>'�;
 .D�
��IA F$'�_ �I9 *�
�I?9�L��A.

�.q LF� = W
.H �.�B5 F�	.s�|w .*�
�P9 qrl� �;	`$)$	1 � �9�P' .(OI' �E�NI9�� ��O2 .

4. Brotslaw, D. J., L. L. Darrah, M. S. Zuber and G. F. Krause. 1988. Effect of prolificacy on grain yields and root and 
stalk strength in maize. Crop Sci. 28:750-755. 

5. Brown, R. H. 1984. Growth of the green plant. PP. 153-174. In: M.B. Tesar (Eds.), Physiological Basis of Crop 
Growth and Development. American Society of Agronomy, Madison, WI. 

6. Buren, L. L. 1970. Plant characteristics associated with barrenness in maize. Ph.D. Thesis, Iowa state University, 
Ames, Iowa. 

7. Choi, K. 1995. Inheritance of leaf angle, width and length in maize. Korean J. Breed. 27:13-22. 
8. Dewit, C. T. 1967. Photosynthesis: Its relation to evaporation. PP. 315-320. In: A.S. Pietro, F.A. Greer and T.J. 

Army (Eds.), Harvesting the Sun. Academic Press, New York. 
9. Dong, S. T. and C. K. Hu. 1993. Effect of plant population density on canopy net photosynthesis and their relation 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
88

.1
3.

47
.1

4.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

14
 ]

 

                            11 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1388.13.47.14.7
https://jcpp.iut.ac.ir/article-1-1077-fa.html



� � 
���	�� ��
� � ���� ����� ��	 /�	�������/��	 ! �&%� � "#$)((/�	#� *+,, 

��R 

to grain yield in maize cultivars. Photosynthetica 29:25-32. 
10. Duncan, W. G. 1972. Plant spacing density orientation and light relationship as related to different corn genotype. 

Reprinted from proc. 27th Annual Corn and Sorghum Research, Washington DC. 
11. Daynard, T. D. and W. A. Duncan. 1969. The black layer and grain maturity in corn. Crop Sci. 9:473-476. 
12. Dwyer, L. M., C. Y. Andrews, D. W. Stewart, B. L. Ma and J. A. Dugas. 1995. Carbohydrate levels in field grown 

leafy and normal maize genotypes. Crop Sci. 35:1020-1027. 
13. Gardner, F. P., R. B. Pearce and R. L. Mitchell. 1985. Physiology of crop plants Iowa State University Press, Ames, 

Iowa. 
14. Hameed, A., L. M. Pollak and P. N. Hinz. 1994. Evaluation of cateto maize accessions for grain yield and other 

agronomic traits in temperate and tropical environments. Crop Sci. 34:270-275. 
15. Loomis, R. S., W. A. Williams, W. G. Duncan, A. Dovrat and F. Nunez. 1968. Quantitative descriptions of foliage 

display and light absorption in field communities of corn plants. Crop Sci. 8:325-356. 
16. Malvar, R. A. 1990. Additive correlation between days to flowering and agronomic traits in two landrace of maize. 

Anales-de-la-Estacion-Experimental-de-Aula-Dei 20:59-64. 
17. Modarres, A. M., R. I. Hamilton L. M. Dwyer, D. W. Stewart, M. Dijak and D. L. Smith. 1997. Leafy reduced-

stature maize for short-season environments: Yield and Yield components of inbred lines. Euphytica 97: 129-138. 
18. Modarres, A. M., R. I. Hamilton, L. M. Dwyer, D. W. Stewart, D. E. Mather, M. Dijak and D. L. Smith. 1997. Leafy 

reduced-stature maize for short-season environments: Morphological aspects of inbred lines. Euphytica 96: 301-309. 
19. Modarres, A. M., R. I. Hamilton. M. Dijak, L. M. Dwyer, D. W. Stewart, D. E. Mather and D. L. Smith. 1998. Plant 

population density effects on maize inbred lines grown in short-season environments. Crop Sci. 38:104-108. 
20. Passes, H. J. and S. Poethig. 1993. Vegetative and reproductive development in Leafy1 and early flowering plants. 

Maize-Genetics-Cooperation-Newsletter 67:91-92. 
21. Pepper, G. E. 1974. The effect of leaf orientation and plant density on the yield of maize (Zea mays L.). Ph.D. 

Thesis, Iowa State Univ., Ames (Diss, Abstract. 35/11-B p.5234). 
22. Peter, J., V. Verny and L. Hruska. 1988. Yield Formation in the Main Crop. Elsevier Science Pub. Co. Inc., USA. 
23. Russell, W. A. 1985. Evaluations for plant, ear and grain traits of maize cultural representing different eras of 

breeding. Maydica 30:85-96. 
24. Sangoi, L., M.A. Gracietti, C. Rampazzo and P. Bianchetti 2002. Response of Brazilian maize hybrids from 

different eras to changes in plant density. Field Crops Res. 79 : 39–51 
25. Shaver, D. L. 1983. Genetics and breeding of maize with extra leaves above the ear. Proc. Ann. Corn and Sorghum 

Res. Conf. 38:161-180. 
26. Stoskopf Neal, C. 1981. Understanding Crop Production. Reston Pub.Co., USA. 
27. Tetio-Kagho, F. and F. P. Gardner. 1988. Responses of maize to plant population density. I. Canopy development, 

light relationships, and vegetative growth. Agron. J. 80:935-940. 
28. Tokatlidis, I.S. and S.D. Koutroubas. 2004. A review of maize hybrids’ dependence on high plant populations and 

its implications for crop yield stability. Field Crops Res. 88:103–114 
29. Williams, W. A., R. S. Loomis, W. G. Duncan, A. Dovert and F. Nunez. 1968. Canopy architecture at various 

population densities and the growth and grain of corn. Crop Sci. 8:303-308. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
88

.1
3.

47
.1

4.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

14
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1388.13.47.14.7
https://jcpp.iut.ac.ir/article-1-1077-fa.html
http://www.tcpdf.org

